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ABSTRACT 

In  recent  years,  UHF  synthetic  aperture  radar  has  become  a  growing  area  of  interest  among  the  radar  community. 
Due  to  their  relatively  long  wavelengths,  UHF  systems  provide  advantages  that  may  not  be  attainable  by  microwave  and 
millimeter-wave  radar  systems.  These  advantages  include  excellent  target  detection  statistics  in  high  clutter  environments, 
wide-area  surveillance,  and  long  stand-off  ranges.  UHF  systems  also  have  proven  synergistic  properties  with  higher 
frequency  radar  systems  in  applications  such  as  topographical  mapping.  However,  the  ability  to  study  the  characteristics  of 
these  lower  frequency  radar  systems  in  a  controlled  and  systematic  environment  is  difficult.  In  this  work,  a  physical  scale 
modeling  process  is  utilized  to  generate  three-dimensional  UHF  imagery  that  may  be  used  to  study  scattering 
phenomenology  at  these  wavelengths.  Dimensionally  and  dielectrically  scaled  targets  and  scenes  are  measured  in  a  6  -  18 
GHz  microwave  compact  range  to  model  the  backscatter  of  the  full-size  target  at  UHF  wavelengths.  The  microwave  compact 
radar  range  and  transceiver  hardware  utilized  to  model  UHF  radar  signature  data  are  briefly  described.  A  description  of  the 
image  processor  used  to  generate  three-dimensional  UHF  imagery  from  wide-band/wide-angle  data  collections  is  described 
as  well.  Finally,  imagery  of  radar  signature  data  collected  from  a  M1A1  Abrams  main  battle  tank  model  is  examined.  The 
high  resolution  imagery  resulting  from  the  wide-band/wide-angle  collection  will  show  that  sub-wavelength  features  of 
ground  targets  are  resolvable  at  these  wavelengths. 
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1.  INTRODUCTION 


1.1  Applications  of  UHF  SAR 

In  the  past  15  years,  there  has  been  a  renewed  interest  in  UHF  SAR  among  the  radar  community  for  various 
problems  where  high  frequency  sensors  do  not  provide  an  adequate  solution.  Due  to  their  relatively  long  wavelengths,  UHF 
signals  can  penetrate  optically-dense  materials  much  more  effectively  than  those  of  sensors  operating  at  shorter  wavelengths. 
This  property  makes  UHF  SAR  suitable  for  detecting  targets  beneath  a  foliage  canopy,  which  has  been  coined  the  FOliage 
PENetration  (FOPEN)  problem.1  Such  sensors  are  also  capable  of  Ground  PENentration  (GPEN),  thereby  allowing  detection 
of  sub-terrain  objects.2  Low  frequency  SAR  also  has  demonstrated  use  in  scene  change  detection.3  This  technique  scrutinizes 
the  temporal  differences  between  two  SAR  images  of  an  identical  scene  to  determine  what  scattering  centers  have  moved 
between  the  two  collections.  It  has  also  been  found  that  UHF  change  detection  analysis  is  much  less  sensitive  to  natural 
temporal  decorrelations  of  the  scene  (i.e.  fluttering  leaves  and  grass)  than  change  detection  analysis  conducted  at  higher 
frequencies.3  This  characteristic  makes  UHF  SAR  change  detection  a  much  more  robust  tool  in  determining  movement  of 
vehicles  as  well  as  small  man-made  structures.  Due  to  their  wide-beamwidth,  UHF  SAR  can  provide  wide-area  surveillance 
and  therefore  can  provide  change  information  over  much  larger  area  than  can  typically  be  scanned  by  a  high  frequency 
SAR.3'4  Furthermore,  due  to  its  penetration  capabilities,  UHF  systems  can  provide  change  information  about  targets  beneath 
foliage  and  sub-terrain  objects.4’5  Radar  test  beds  have  also  been  developed  to  exploit  the  synergies  between  UHF  and  X- 
band  SAR  sensors.6  When  used  together  in  an  interferometric  modality,  the  sensors  can  provide  a  thorough  topological 
mapping  of  a  forested  area.  Because  of  its  penetration  capabilities,  UHF  SAR  is  used  to  map  the  topology  below  the  foliage 
canopy.  The  X-band  SAR  sensor,  unable  to  penetrate  the  foliage  canopy,  is  used  to  map  the  topology  of  the  canopy  itself. 
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The  development  of  stealth  technology  has  also  contributed  to  the  trend  in  the  renewed  interest  of  low  frequency  radars.  Low 
RCS  objects  typically  exhibit  an  RCS  proportional  to  the  square  of  the  wavelength.  This  property  is  attributed  to  resonant 
effects  at  these  long  wavelengths  because  the  target  sizes  are  typically  on  the  order  of  the  radar  wavelength.  Therefore, 
longer  wavelength  radars  have  a  better  probability  of  detecting  stealthy  targets.7 

1.2  Need  for  UHF  Radar  Measurement  Capability 

Due  to  the  renewed  interest  in  UHF  radar  research,  a  need  for  high  quality,  calibrated  UHF  radar  data  exists. 
Airborne  operational  UHF  radar  systems  are  currently  in  use;  however,  such  systems  must  contend  with  less  than  ideal 
operating  conditions.  Such  examples  of  these  non-ideal  conditions  are  unknown  flight  path  deviations,  uncorrected 
systematic  errors  in  the  calibration  process,  and  radio  frequency  interference  (RFI).  Furthermore,  the  conditions  required  for 
a  particular  study  may  not  be  available  or  feasible.  Therefore,  such  operational  radar  systems  may  not  be  capable  of 
conducting  a  controlled  and  systematic  study  of  a  particular  problem.  Radar  automatic  target  recognition  (ATR)  developers 
rely  on  very  accurate  SAR  imagery  of  targets  in  order  to  train  identification  algorithms. 8  Ideally,  an  entire  imagery  library  of 
the  target  in  a  variety  of  orientations  and  articulations  would  be  available  in  order  to  train  the  algorithm  on  any  possible 
circumstance  in  which  the  radar  may  observe  the  target.  Training  an  ATR  algorithm  on  such  a  library  of  imagery  maximizes 
the  likelihood  of  correctly  classifying  a  given  unknown  target.  Radar  signature  libraries  of  targets  do  exist  for  microwave  and 
millimeter-wave  radar  systems;  however,  the  available  radar  signature  libraries  at  UHF  frequencies  are  limited. 

As  noted  earlier,  a  major  problem  faced  by  operational  UHF  SAR  systems  is  the  issue  of  radio  frequency 
interference.9  The  sources  of  the  unwanted  signals  are  typically  radio  and  television  stations  with  which  the  radar  must  share 
bandwidth.  Operational  UHF  systems  must  contend  with  these  unwanted  signals  and  as  a  result,  the  available  sets  of  data  are 
said  to  be  sparse-band.20  These  sparse-bands  of  data  create  issues  in  SAR  imagery  in  terms  of  increasing  image  side-lobe 
levels"0,  while  the  RFI  signals  introduce  spurious  scatterers  in  the  imagery.10  RFI  suppression  is  currently  a  topic  of  active 
research  to  mitigate  these  spurious  signals  and  the  availability  of  data  not  corrupted  by  such  signals  may  assist  in  developing 
practical  methods. 

1.3  Physical  Scale  Modeling  Approach  to  UHF  Radar  Data  Collections 

Since  1981,  Expert  Radar  Signature  Solutions  (ERADS)  under  funding  from  the  National  Ground  Intelligence 
Center  (NGIC)  has  developed  state-of-the-art  scale  model  measurement  systems  to  acquire  radar  signatures  in  support  of  a 
number  of  advanced  radar  applications  such  as  automatic  target  recognition  (ATR)  systems,  RAM  development,  and  buried 
object  detection.  ERADS  has  developed  compact  ranges  at  12  GHz11,  160  GHz12,  520  GHz1',  and  1.56  THz14  for  acquisition 
of  UHF,  X-band,  Ka-band,  and  W-band  radar  imagery  of,  l/16th,  l/35th  and  l/48th  scale  model  targets  and  scenes. 

Radar  scale  modeling  requires  that  the  target's  geometric  and  dielectric  properties  be  scaled  appropriately. 
Therefore,  the  complex  dielectric  constant  of  any  nonmetallic  component  of  the  full  scale  target  at  the  full  scale  wavelength 
must  be  matched  to  the  complex  dielectric  constant  of  the  corresponding  scale  model  component  at  the  scaled  wavelength. 
The  University  of  Massachusetts  Lowell  Submillimeter-Wave  Technology  Laboratory  (STL)  has  demonstrated  the 
technology  necessary  to  tailor  the  dielectric  properties  of  materials.1516  Conductive  coatings  necessary  to  simulate  the 
metallic  body  and  components  of  the  full  scale  vehicles  have  been  developed  as  well. 


2.  METHODOLOGY 


2.1  3D  UHF  Radar  Data  Collection  Process 

A  6-18  GHz  compact  range  (depicted  in  figure  la)  was  utilized  to  collect  target  radar  signatures  in  the  scale-model 
environment.  The  radar  system  operates  in  a  stepped-frequency,  pulsed/CW  modality  and  incorporates  a  large  off-axis 
parabolic  reflector  to  emulate  far-field  target  illumination  and  monostatic  backscatter  collection.  The  reflector  is  capable  of 
illuminating  a  2  ft.  by  2ft.  by  2ft.  volume  with  uniform  planar  wavefronts.  Currently,  the  system  operates  in  the  linear  HH 
and  VV  polarization  channels  with  a  planned  upgrade  to  polarimetric  measurement  capability. 


Figure  1 :  Data  collection  methodology  (a)  microwave  compact  radar  range  (b)  2D  Az-El  target  scanning  stage  (c)  data  collection 
geometry. 


Furthermore,  the  compact  radar  range  incorporates  a  2D  azimuth-elevation  (Az-El)  mechanical  scanning  stage  (shown  in 
figure  lb)  which  is  used  to  orient  a  free-space  l/35th  scale  target  at  a  variety  of  angles. 

The  UHF  data  collection  system  samples  the  target’s  complex  backscatter  phasor,  0,  at  every  frequency  step,  over  a 
specified  range  of  azimuth  and  elevation  illumination  angles,  thereby  providing  three-dimensional  data  collections.  The  data 
collection  sample  arrays  are  defined  by  the  following: 
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Equation  (1)  defines  the  sample  arrays  specifying  the  frequency,  azimuth,  and  elevation  locations  f(p),  6(q),  and  y/(s), 
respectively,  at  which  the  target’s  backscatter  phasor  y/)  is  sampled  during  the  data  collection  process.  The  parameters 
/*.  &„  and  (^represent  the  total  span  of  the  3D  data  collection  in  frequency,  azimuth,  and  elevation  angle,  respectively,  while 
fc,  6C  and  y/c  represent  the  center  frequency,  azimuth,  and  elevation  angles  of  the  aperture.  The  uniform  sample  increments  in 
frequency,  azimuth,  and  elevation  angle  are  given  by  A/.  Ag,  and  Ar  respectively,  while  p.  q,  and  ,v  are  the  sample  indices  of 
the  respective  dimensions.  The  parameters /*,  8a.  y/a.  fc,  0C,  y/c.  A/,  Ag  and  A^are  referred  to  as  the  data  collection  parameters 
and  the  collection  of  <$( f.  6.  y/)  is  referred  to  as  the  radar  signature  data.  The  (x.y.z)  coordinate  system  shown  in  figure  lc  is 
referred  to  as  the  target-fixed  system  as  it  defines  the  coordinate  geometry  that  is  fixed  to  the  body  of  the  target  under 
measurement. 

2.2  Wide-Band/Wide-Angle  3D  ISAR  Image  Formation  Processor 

The  polar  format  algorithm  (PFA)  is  used  here  to  develop  the  3D  image  formation  processor  in  which  the  radar 
signature  data  are  processed.  The  PFA  has  been  applied  widely  for  use  in  monostatic  SAR  imaging  of  instrumented  and 
operational  data  collections.17 18  In  essence,  the  algorithm  provides  an  elegant  technique  of  formatting  coherent  radar  data 
collected  under  plane  wave  illumination  over  a  wide  angular  aperture  such  that  they  may  be  interpreted  as  the  spatial  Fourier 


transform  of  the  target’s  3D  reflectivity  distribution.  After  the  appropriate  formatting  of  the  data,  a  multidimensional  Fourier 
transform  process  is  performed  to  provide  a  reconstruction  of  the  target’s  reflectivity  distribution.  This  method  provides  a 
geometrically  accurate  reconstruction  (from  the  available  data)  of  the  target  reflectivity  distribution  in  the  case  when  the 
incident  wavefronts  are  planar  across  the  breadth  of  the  target  and  the  backscattered  wavefronts  are  sampled  in  the  far-field. 
The  compact  radar  range  configuration  utilized  in  the  data  collection  process  (shown  in  figure  la)  ensures  that  both 
requirements  are  satisfied.  Based  on  the  data  collection  diagram  shown  in  figure  lc,  the  target- fixed  spatial  frequency 
locations  of  the  samples  of  @(f,9,  y/)  can  be  represented  as19: 
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where  F  ( p,q,S )  is  the  Fourier  space  vector  defining  the  location  of  the  data  sample  at  the  target-fixed  spatial  frequency 
coordinates  Fj,  Fy‘,  and  FJ.  The  scalar  k(p)  is  the  wavenumber  of  the  electromagnetic  wave  having  frequency  f(p).  The 
acquired  radar  signature  data  0(f.  9.  y/)  are  said  to  reside  in  a  volume  in  3D  Fourier  space  (figure  2a). 


In  order  to  facilitate  the  ISAR  image  processing,  the  3D  polar  process  aperture  shown  in  figure  2a  is  transformed 
from  the  target-fixed  spatial  frequency  coordinates  ( Fj, F;', FJ)  to  the  radar-fixed  spatial  frequency  coordinates  (Fx,Fy,F:). 
The  transformation  maintains  a  fixed  rotational  orientation  of  the  3D  process  aperture  in  the  (F„Fr,F:)  coordinate  system, 
regardless  of  the  center  azimuth  and  elevation  angles.  9C  and  y/c,  thereby  simplifying  upcoming  processing  tasks.  The 
coordinate  transformation  can  be  viewed  as  a  2D  rotation  of  the  3D  process  aperture  by  the  center  azimuth  and  elevation 
angles,  9C  and  y/c  and  is  given  by  the  following: 
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A  diagram  of  the  3D  process  aperture  in  the  radar-fixed  spatial  frequency  coordinate  system  is  shown  in  figure  2b. 
Ultimately,  the  rotation  of  the  3D  process  aperture  causes  the  image  reconstructions  to  revolve  about  the  radar-fixed 
coordinate  system  in  response  to  varying  the  center  azimuth  and  elevation  angles,  9C  and  y/c,  of  the  3D  process  aperture.17 
This  is  the  so  called  inverse  synthetic  aperture  radar  (ISAR)  processing  modality  (i.e.  a  fixed  antenna  illuminating  a  rotating 
target). 


Application  of  a  Fourier  transform  to  the  samples  of  the  target’s  backscatter  phasor  <P(FX, Fy, F7)  having  locations 
described  by  equation  (3)  produces  a  reconstruction  of  the  target’s  3D  reflectivity  distribution.  In  the  interest  of 
computational  efficiency,  the  ISAR  image  reconstruction  process  is  carried  out  by  first  performing  a  3D  interpolation  of  the 
data  samples  onto  a  3D  Cartesian  grid.  A  3D  fast  Fourier  transform  (FFT)  process  is  then  applied  to  the  interpolated  samples 
to  provide  a  reconstruction  of  the  target’s  3D  reflectivity  distribution. 

2.2.1  3D  Cartesian  Grid  Construction 

As  shown  in  figure  2b,  the  Cartesian  grid  (box)  is  circumscribed  onto  the  available  3D  process  aperture  such  that  the 
entire  aperture  is  included  within  the  grid.  Determining  the  boundaries  of  the  Cartesian  volume  is  a  matter  of  analyzing  the 
3D  geometry  of  the  situation  depicted  in  figure  2b  for  an  arbitrary  set  of fh,  fc,  y/a,  y/c,  and  9„.  Because  of  the  coordinate 
system  transformation  described  by  equation  (3),  a  fixed  rotational  orientation  of  the  3D  process  aperture  with  respect  to  the 
( Fx,Fy,Fz )  coordinate  system  is  maintained,  regardless  of  the  data  collection  parameters.  The  boundaries  of  the  Cartesian 
volume  circumscribing  the  3D  process  aperture  are  given  by  the  quantities,  Fxmin,  Fymin,  F:mi„,  Fxmux.  Fymax,  and  Fzmax  and  are 
determined  through  a  geometrical  analysis  of  figure  2b  which  is  outside  the  scope  of  this  paper.  The  3D  Cartesian  sample 


Figure  2:  3D  polar  process  aperture  in  (a)  target-fixed  and  (b)  radar-fixed  spatial  frequency  coordinates. 
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grid  is  then  defined  by  set  of  arrays  describing  the  sample  locations  in  the  Fx,  Fy  and  F-  dimensions  limited  by  the 
boundaries  in  the  respective  dimensions.  The  Fx,  Fy,  and  F-  3D  Cartesian  grid  sample  locations  are  given  by: 
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In  equation  (5),  Fxc(u),  Fyc(v)  and  F:c(w)  are  the  3D  Cartesian  grid  sample  locations  in  the  Fx,  Fy,  and  F-  dimensions, 
respectively,  while  AFx,  AFy,  and  AFz  symbolize  the  sample  intervals  and  u,  v,  and  h»  are  the  sample  location  indices  of  the 
respective  dimensions.  In  order  to  preserve  the  spectral  content  of  the  polar  formatted  samples  in  the  Cartesian  grid,  the 
sample  intervals  AFx,  AFy,  and  AFz  are  determined  by  the  data  collection  sample  increments  A/,  Ag,  and  A¥  as  given  by: 
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where  f  is  the  maximum  frequency  at  which  data  are  collected  as  is  determined  by  equation  la. 


2.2.2  3D  Interpolation  Process 

The  3D  interpolation  method  developed  in  this  work  implements  a  one-dimensional  sine  function  interpolator17  in 
the  three  separate  spatial  frequency  dimensions  to  generate  samples  on  the  circumscribed  3D  Cartesian  grid  defined  by 
equation  (5).  Analysis  of  equation  (3)  reveals  that  the  3D  process  aperture  may  be  decomposed  into  individual  elevation-cut 
planes  (i.e.  data  collected  at  fixed  6(q))  in  each  of  which  the  samples  lie  on  a  polar  raster.  Two-dimensional  interpolation  of 
polar  raster  samples  onto  a  rectangular  grid  in  conjunction  with  the  PFA  has  been  described  in  the  literature.17  For  a  given 
elevation-cut  plane,  the  data  samples  are  first  interpolated  along  the  wavenumber  lines  (i.e.  fixed  y/(s)  and  0(q)  )  to  obtain 
output  samples  located  at  the  desired  Fr  locations  given  by  equation  (5b).  The  samples  produced  by  the  Fy  interpolation  are 
then  interpolated  along  the  F-  direction  (i.e.  fixed  Fyc(u)  and  9(q )  ).  The  result  of  this  F.  interpolation  positions  the  output 
samples  at  the  desired  F-  locations  given  by  equation  (5c).  This  2D  interpolation  process  is  repeated  in  each  elevation  cut 
plane.  The  final  Fx  interpolation  is  performed  at  each  ( Fvc(u ),  Fzc(w))  coordinate  in  the  Cartesian  grid  and  places  samples 
between  the  adjacent  elevation-cut  planes  such  that  they  are  located  at  the  desired  Fx  locations  given  by  equation  (5a).  The 
3D  array  of  samples  resulting  from  the  Fx  interpolation  are  then  co-located  with  the  3D  Cartesian  grid. 

3.  RESULTS 

3D  radar  signature  data  were  collected  on  the  l/35th  scale  model  M1A1  Abrams  main  battle  tank  shown  in  figure  3. 
The  M1A1  Abrams  model  is  configured  in  the  travel-mode  (transport)  position,  and  is  affixed  with  Identification  Friend  or 
Foe  (IFF)  panels.  The  data  were  collected  in  the  VV  polarization  channel  with  frequency  parameters  fc  =fb  =  342  MHz,  and 
Af=  3.43  MHz  over  a  360°  span  in  azimuth  angle  9 \  with  y/c  =  45°,  y/a  =  72° ,  and  Ag=  Ay=  2°.  3D  UHF  ISAR  imagery  was 
generated  from  the  radar  signature  data  collection  utilizing  the  wide-band/wide-angle  3D  ISAR  image  formation  processor 
described  in  section  2.2.  Figures  4  and  5  display  several  projections  of  the  3D  UHF  imagery  generated  from  the  M1A1 
Abrams  radar  signature  collection.  The  data  were  processed  over  the  full  radar  bandwidth  and  elevation  aperture  with  y/c  = 
45°  and  utilized  an  azimuth  aperture  9a  =  72°  at  9C  =  120°  (figure  4)  and  9C  =  180°  (figure  5)  to  form  the  imagery.  Based  on 
the  processing  parameters,  the  peak  to  null  mainlobe  width  of  the  wide-band/wide-angle  imaging  system’s  impulse  response 
function1*  is  0.44  meters  in  the  range  dimension  and  0.37  meters  in  cross-range  and  height  dimensions.  The  ISAR  imagery 
shown  in  figures  4  and  5,  therefore,  exhibit  0.44  meter  range  resolution  and  0.37  meter  cross-range  and  height  resolution.  We 
note  here  that  the  data  are  collected  over  a  wavelength  span  of  0.58  -  1.75  meters.  In  figures  4  and  5,  the  positive  cross-range 
(x)  axis  is  shown  in  red,  positive  range  (y)  axis  in  white,  and  positive  height  (z)  axis  in  blue.  Also  note  that  the  radar 
propagates  in  the  direction  of  the  positive  y  axis  in  the  radar- fixed  coordinate  system.  As  such,  the  x-z  projection  represents 
the  front  aspect  view  of  the  3D  ISAR  image  at  azimuth/elevation  view  angle  =  0°,  the  y-z  projection  represents  the  side 
aspect  view  at  azimuth  view  angle  =  90°,  elevation  view  angle  =  0°,  while  the  x-y  projection  represents  the  top  aspect  view  at 
azimuth  view  angle  =  0°  and  elevation  view  angle  =  90°.  Figures  4d  and  5d  display  arbitrary  views  of  the  imagery  at  the 
aspect  angles  captioned  in  the  respective  figures. 

The  imagery  in  figures  4  and  5  differ  somewhat  from  traditional  2D  ISAR  imagery  by  the  manner  in  which  the 
image  intensities  are  displayed.  Because  of  the  three-dimensional  nature  of  the  RCS  intensity  distributions  which  have  been 
rendered  to  the  two-dimensional  images  shown  in  figures  4  and  5,  the  peak  of  the  scattering  centers  are  masked  by  the  three- 
dimensional  ideal  point  scatterer  image  response  (i.e.  impulse  response  function  of  the  system).  One  may  visualize  a  constant 
intensity  level  in  the  imagery,  encoded  by  constant  color,  as  a  surface  which  encompasses  the  higher  intensity  surfaces 
within.  As  such,  the  surfaces  of  constant  intensity  must  be  “peeled  back’’  in  order  to  reveal  surfaces  of  higher  intensity.  The 
process  of  peeling  back  the  constant  intensity  surfaces,  however,  has  the  unfortunate  effect  of  reducing  the  image’s  overall 
dynamic  range.  Therefore,  a  trade-off  must  be  made  between  display  of  the  image’s  dynamic  range  and  visualization  of  the 
scattering  centers  at  the  core  of  the  imagery.  For  this  reason,  8  dB  (-18  — >  -10  dBsm)  of  dynamic  range  is  shown  in  figures  4 
and  5  in  order  to  allow  visualization  of  the  target’s  main  scattering  features.  The  low  level  intensity  in  the  imagery  is 
represented  by  the  color  green  which  is  succeeded  by  the  colors  yellow  and  orange  then  by  the  high  level  intensity  signified 
by  the  color  red.  Through  close  scrutiny  of  the  imagery,  one  may  observe  higher  level  colors  behind  the  low  level  green 
surfaces. 


Considering  the  relatively  long  wavelengths  used  in  the  3D  UHF  ISAR  imaging  experiment,  the  imagery  shown  in 
figures  4  and  5  provide  resolution  sufficiently  high  enough  to  isolate  individual  scattering  features  contributing  to  the  target’s 
3D  reflectivity  distribution.  In  comparing  the  ISAR  imagery  of  figure  4  to  the  corresponding  photo  of  the  M1A1  at  the 
equivalent  azimuth  view  angle  (figure  3a),  various  distinct  physical  features  of  the  MBT  can  be  associated  to  the  scattering 
behavior  shown  in  the  imagery.  As  shown  in  figure  4,  the  high  resolution  imagery  allows  identification  of  the  seven  exposed 


Figure  3:  l/35th  scale  model  Ml  A1  Abrams  MBT  in  travel  mode  with  IFF  panels  at  (a)  120°  azimuth  aspect  and  (b)  180°  azimuth 
aspect  poses  as  viewed  by  the  radar  during  data  collection 


wheels  of  the  tank,  each  of  which  has  a  0.625  meter  diameter.  Furthermore,  the  imagery  also  reveals  the  asymmetric  spacing 
of  the  rear  wheel  as  observed  in  figure  3a.  This  feature  is  a  main  distinction  between  US  and  Russian-made  MBT’s.  The  two 
edges  of  the  flat  plate  running  lengthwise  with  the  tank’s  body,  formed  by  the  side  skirt  shielding  the  wheels,  are  also 
resolved  in  the  imagery.  Because  the  scattered  waves  are  redirected  from  the  backscatter  direction  by  the  skirt’s  plate  at  this 
center  azimuth/elevation  angle,  a  shadow  spanning  the  length  of  the  skirt  can  be  observed  in  figures  3a,  3b,  and  3d  between 
the  two  edges  of  the  plate.  Also  shown  in  the  imagery  is  a  tapered  elongation  of  this  plate’s  top  edge  at  the  front  of  the  tank 
in  response  to  the  corresponding  structure  shown  in  figure  3a.  The  small  “plate-like”  IFF  panel  affixed  to  the  illuminated  side 
of  the  tank’s  turret  also  generates  a  shadow  in  figures  4a,  4c  and  4d.  The  illuminated  panel  on  the  front  of  the  tank’s  turret 
also  possesses  a  planar  surface  which  appears  brightly  in  the  imagery.  In  this  particular  aspect  view,  the  scattered  waves  from 
this  surface  are  directed  back  toward  the  radar  making  the  surface  visible  at  this  process  aspect  angle.  The  opposing  panel  of 
the  turret  appears  as  a  shadow  in  the  imagery  as  the  scattered  waves  are  primarily  directed  away  from  the  radar.  We  also  note 
that  sub-wavelength  features  comprising  the  tank  such  as  commander’s  cupola,  the  reverse  lights,  and  the  smoke  extractor 
located  in  the  center  of  the  cannon’s  barrel  are  well-resolved  in  the  imagery. 


4.  SUMMARY  AND  CONCLUSIONS 

The  active  role  of  the  UHF  SAR  sensor  in  present-day  remote  sensing  applications  requires  that  such  systems  be 
studied  in-depth  in  order  to  fully  exploit  the  sensor’s  capabilities.  In  this  work,  we  have  used  a  6-18  GHz  scale  model  radar 
signature  data  collection  system  to  generate  UHF  radar  signature  data  on  a  free  space  tactical  target.  A  3D  ISAR  image 
formation  processor  used  to  reconstruct  the  3D  reflectivity  distribution  of  a  target  from  its  radar  signature  data  was  also 
presented.  Finally,  high  resolution  3D  ISAR  imagery  generated  from  a  freespace  radar  signature  data  collection  of  an  M1A1 
Abrams  MBT  demonstrated  the  feasibility  of  studying  UHF  SAR  using  the  described  radar  scale-modeling  and  image 
processes. 

Considering  the  electromagnetic  scattering  processes  taking  place  during  a  wide-bandwidth,  wide-angle  radar 
signature  data  collection,  it  is  conceivable  that  scatterer  persistence  through  the  entire  data  collection  aperture  may  limit  the 
resolution  achievable  by  the  imaging  system.  That  is,  the  shorter  the  persistence  of  a  given  scatterer  through  the  data 
collection  process,  the  more  coarsely  that  scatterer  is  resolved.  The  UHF  ISAR  imagery  presented  in  this  work  demonstrates 
that  high  resolution  can  be  attained  in  a  long  wavelength  imaging  system  if  wide-bandwidth,  wide-aperture  collections  are 


feasible.  This  outcome  is  most  likely  a  result  of  the  electromagnetic  scattering  regime  in  which  the  measurements  takes 
place. 


Because  the  wavelengths  used  in  UHF  SAR  are  on  the  order  of  the  size  of  the  target,  the  target  and  its  features 
experience  Rayleigh  and  resonance  scattering  phenomena.  In  this  scattering  regime,  scattering  amplitude  is  largely 
independent  of  illumination  angle7  and  this  being  the  case,  scatterers  tend  to  persist  throughout  the  data  collection  aperture. 
Such  a  rationalization  may  explain  why  scatterer  persistence  does  not  limit  the  achievable  resolution  in  the  long-wavelength, 
wide-angle  imaging  scenario  described  in  this  work.  In  an  attempt  to  validate  this  hypothesis,  one  may  consider  generating 
ISAR  imagery  from  a  radar  data  collection  of  the  identical  target  in  a  short  wavelength  system  where  low  frequency 
scattering  phenomena  are  longer  prevalent  and  analyze  the  relationship  between  scatterer  resolution  and  the  extent  of  the  data 
collection  aperture. 
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Figure  4:  3D  UFIF  W  ISAR  imagery  of  the  M1A1  Abrams  MBT  at  9C  =  120°,  i//c  =  45°: 

(a)  x-z  (front)  projection  (b)  y-z  (side)  projection  (c)  x-y  (top)  projection  and  (d) 
arbitrary  projection  at  azimuth  =  5°  elevation  =  -30°  referenced  to  the  radar- 
fixed  coordinate  system. 
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Figure  5:  3D  UHF  W  ISAR  imagery  of  the  Ml  A1  Abrams  MBT  at  Qc  =  180°,  y/c  =  45°: 

(a)  x-z  (front)  projection  (b)  y-z  (side)  projection  (c)  x-y  (top)  projection  and  (d) 
arbitrary  projection  at  azimuth  =  -20°  elevation  =15°  referenced  to  the  radar- 
fixed  coordinate  system. 


